Abstract Water drinking reduces the occurrence of syncope in healthy volunteers but the eVects of hyperhydration are unknown. This study assessed the eVects of combined creatine (Cr) and glycerol (Gly) induced hyperhydration on the cardiovascular and haematological responses to postural change. Subjects in all trials lay supine for 30 min before being tilted head-up to 70° for a further 30 min or until the limit of their tolerance. Following 2 baseline trials, 19 subjects were matched for body mass and assigned to ingest either 20 g Cr and 2 g Gly kg ¡1 body mass (BM) plus 2 l of water or 2 l of water alone (Pl) each day for 6 days and once more 5 h prior to the experimental trial. Subjects ingested 500 ml of water prior to all trials to ensure euhydration. During baseline trials, 3 subjects in the Cr/Gly group and 2 in the Pl group experienced presyncope during head-up tilt. Following Cr/Gly supplementation, BM increased by (mean § S.D.) 0.9 § 0.3 and total body water (TBW) increased by 0.7 § 0.2 l with no change in the Pl group. Cr/Gly supplementation resulted in a signiWcant increase in systolic (11 mmHg) and diastolic (7 mmHg) blood pressure during head-up tilt with no change following Pl supplementation. Cr/Gly. Following Cr/Gly supplementation the number of subjects who became presyncopal was reduced from 3 to 1, with no change in the Pl group. These data suggest that hyperhydration mediated by Cr and Gly can enhance orthostatic tolerance in healthy individuals.
Introduction
Syncope resulting from orthostatic hypotension occurs commonly in some otherwise healthy individuals and is responsible for 0.9-1.2% of hospital admissions across Europe . Some patients are particularly susceptible to orthostatic stress and suVer from recurring syncopal episodes (Hainsworth and el Bedawi 1994) , which can have a profound detrimental impact on lifestyle and work capacity. This debilitating condition occurs when the body is unable to maintain blood pressure above the heart leading to a reduced blood Xow to the brain, ultimately causing feelings of light-headedness and syncope (Blomqvist 1990) . The pathophysiology of syncope has been well described elsewhere (Hainsworth 2004 ) but of particular importance is the impact of hydration status on orthostatic tolerance (ElSayed and Hainsworth 1995) . Carter et al. (2006) have recently demonstrated that hypohydration exaggerated the reduction in cerebral artery blood Xow velocity (CBFV) associated with standing which was associated with an increase in orthostatic intolerance. This exacerbated CBFV reduction occurs despite no change in blood pressure, suggesting that increased cerebral vascular resistance may contribute to orthostatic intolerance associated with hypohydration (Carter et al. 2006) .
Despite the prominence of recurring syncope within the population a deWnitive countermeasure remains elusive. However, two previous studies have established that ingestion of water prior to orthostatic stress reduced the incidences of syncope in healthy volunteers (Lu et al. 2003; Schroeder et al. 2002) . A recent study by Claydon et al. (2006) demonstrated the beneWcial eVects of water on orthostatic tolerance are also observed in patients with recurring vasovagal syncope. However, it is currently unknown whether increasing total body water (TBW) above normal would have an additional protective eVect against orthostatically mediated syncope. Increasing body water levels above euhydration using water alone is not possible as the excess Xuid would simply be Wltered and excreted by the kidney (Freund et al. 1995) . However, the hyperhydrating properties of two osmotic agents, namely glycerol (1,2,3-propanetriol) (Gly) and creatine (Cr) have been well established in recent years (Freund et al. 1995; KilduV et al. 2004 ). Furthermore, Easton et al. (2007) have recently shown that ingestion of combined Cr and Gly has an additive eVect resulting in a greater increase in TBW than if either supplement was ingested alone. Combined Cr and Gly supplementation resulted in an average increase in TBW of 1 l split evenly between the intracellular water (ICW) and extracellular water (ECW) compartments and a % increase in plasma volume of approximately 3%. The mechanism behind the synergistic action of the combined supplementation strategy would appear to be related to the unique osmotic properties of each hydrating agent. Where Cr retains water predominantly in the ICW compartments, Gly has a whole body hydrating eVect, causing Xuid increases in both the interstitial and extracellular space (Easton et al. 2007) . Given the signiWcant contribution of hydration status to the development of orthostatic intolerance (Carter et al. 2006) , it seems plausible that ingestion of Cr and Gly would attenuate the development of syncope during exposure to orthostatic stress. Therefore, the present study was carried out to examine the eVects of combined Cr and Gly supplementation on the cardiovascular and haematological responses to orthostatic stress.
Methods

Subjects
Nineteen healthy males (Table 1) gave their written informed consent to take part in the present study which was approved by the local Ethics Committee and was performed according to the code of ethics of the World Medical Association (Declaration of Helsinki). Subjects were interviewed to conWrm that all subjects were Cr free for at least 8 weeks prior to the study. The investigators did not reveal prior to the interview that subjects would be excluded if they had supplemented with Cr in the previous 8 weeks. The subjects were fully informed of any risks and discomforts associated with the experiments before giving their written informed consent to participate.
Experimental design
Each subject was required to visit the laboratory on at least 3 occasions for measurement of orthostatic function using a standard tilt test . The tilt test was chosen as the method for assessing physiological and orthostatic responses because it is easy to administer and is routinely used to evaluate orthostatic function and physiological responses in clinical settings (Kenny et al. 1986 ). The Wrst (familiarisation) and second (pre-supplementation) experimental trials were identical and conducted prior to any intervention to establish baseline values. Following this period, subjects were matched for body mass and were randomised in a single blind fashion to either a Cr/Gly or a placebo (Pl) group. Subjects were separated into two groups due to the long washout period associated with oral Cr supplementation (Vandenberghe et al. 1996) . A Wnal experimental trial (post-supplementation) was conducted following a 7 day supplementation period. The supplementation regimen only commenced if physiological responses between baseline experimental trials diVered by less than 5%; only one subject had to repeat a third baseline experimental trial. This is in line with the vast majority of studies which suggest tilt table testing is highly reproducible if experimental conditions are rigorously standardised (Sheldon et al. 1992) .
Cr/Gly supplementation consisted of 11.4 g of Cr·H 2 O (Creatine 6000-ES, Iovate Health Sciences Research Inc., Canada) (equivalent to 10 g Cr) and 1 g Gly kg ¡1 body mass (Aldrich-Chemical, Milwaukee, WO, USA), Xavoured with 200 ml of commercially available, sugarfree, Xavoured diluting juice made up in 1 l of warm water (approximately 50°C). Pl supplementation consisted of 200 ml sugar-free Xavoured diluting juice made up in 1 l of water. The solution was cooled to room temperature before being consumed twice daily (once in the afternoon and once in the evening) for 6 days and once more 5 h before the experimental trial. Each supplement was made fresh prior to consumption in order to prevent any degradation of Cr to creatinine. This Xuid-loading strategy has been shown to be the most eVective in a comparison of several Cr/Gly supplementation regimens (Easton et al. 2006) . Subjects were asked to minimise caVeine intake to one cup of tea or coVee per day to lessen any possible confounding eVects of caVeine on Cr (Vandenberghe et al. 1996) . Subjects otherwise followed their normal diet and weighed all food and drink consumed during the week prior to the familiarisation trial using digital weighing scales readable to 1 g (Denver Instruments XP-300, CO, USA) and instructed to repeat this diet prior to the two experimental trials. Five hours prior to the familiarisation and pre-supplementation trials subjects were required to ingest 1 l of water to match Xuid ingestion volume with the post-supplementation trial. On all experimental test days subjects ingested a further 500 ml of water 1 h prior to the experimental trial in an attempt to ensure subjects were euhydrated (Convertino et al. 1996) .
Procedures
Subjects arrived at the laboratory on the day of each experimental trial following a 3 h fast and having refrained from alcohol, caVeine and strenuous exercise the day before. Body mass (Avery Berkel 33/448, W & T Ltd, UK) and height (Leicester stadiometer, Invicta Plastics Ltd, UK) were measured before subjects were instructed to lay supine (0°) on an electronic tilt table (Plinth 2000-501, Medi-Plinth Ltd, Ipswich, UK) for 15 min with both arms abducted to the level of the heart. During this period a standard 3-lead electrocardiogram (Patient Monitor, Colin Corporation, Japan) was Wtted and a blood pressure cuV (CuV No. 3, Colin Corporation, Japan) attached over the brachial artery on the left arm. In the Cr/Gly group a 20 G indwelling catheter was then inserted into the right brachial vein. For reasons of cost, blood samples were not taken from subjects in the Pl group. Subjects were secured to the tilt table using two thick velcro straps placed around the hips and above the knees. The experimental phase commenced with subjects remaining in the supine position for a further 30 min before being tilted over a period of 1 min to 70° (head-up) for 30 min. Subjects were instructed to relax their muscles at all tilt phases and tests were immediately terminated if subjects complained of dizziness or lightheadedness. Heart rate and blood pressure were recorded at 5 min intervals and in the Cr/Gly group a 10 ml blood sample was collected every 10 min. The venous cannula was kept patent by a 10 ml infusion of isotonic saline between samples. All experimental trials were conducted at 14:00 each day in dimmed light with an ambient temperature maintained at 23 § 0.5°C.
Body water analysis TBW was estimated using a Bodystat Multiscan 5000 bioelectrical impedance analyser (Bodystat Ltd, Isle of Man, UK) after 15 min of the supine tilt phase. To date, the majority of researchers investigating hyperhydration have used the volume of urine production (and hence water retention) as an indirect measurement of TBW change (e.g. 16). However, this method is extremely limited as it does not provide a measurement of the distribution of Xuid within the body compartments. Conversely, multifrequency bioelectrical impedance provides an estimation of both TBW and ECW volumes allowing ICW to be deduced. Multifrequency bioelectrical impedance has been consistently shown to provide reliable and repeatable estimations of TBW in euhydrated individuals if ambient temperature, electrode placement, subject posture and use of a non-conductive surface are standardised (Armstrong et al. 1997) . Furthermore, multifrequency bioelectrical impedance has been recently shown to provide accurate estimates of the change in TBW following both Gly (Koulmann et al. 2000) and Cr (Powers et al. 2003 ) hyperhydration compared to the "gold standard" isotope dilution technique. Therefore, it can be expected that bioelectrical impedance will provide a valid and reliable estimate of TBW change following combined Cr/Gly supplementation and a measure of where the retained Xuid is distributed within Xuid compartments. Furthermore, the change in body mass from pre-to postsupplementation was determined to provide a further indirect measurement of the volume of Xuid retained.
Blood treatment and analysis
Blood was drawn into dry syringes and 6 ml dispensed into a tube containing K 3 EDTA and the remaining 4 ml dispensed into plain tubes. Duplicate aliquots (400 l) of whole blood from the K 3 EDTA tube was rapidly deproteinised in 800 l of ice cold 0.3 mol l ¡1 perchloric acid, centrifuged and the supernatant used for the measurement of glucose using standard enzymatic methods with spectrophotometric detection (Mira Plus, ABX Diagnostics, Montpellier, France). A further aliquot of blood was centrifuged and the plasma obtained was separated and used for the measurement of Gly (Boobis and Maughan 1983 ) (Mira Plus, ABX Diagnostics, Montpellier, France). The blood in tubes without anticoagulant was allowed to coagulate and then centrifuged; the serum collected was used for the measurement of osmolality by freezing point depression (Micro-osmometer 3300, Vitech ScientiWc, West Sussex, UK) and [Na] and [K] by Xame photometry (Flame Photometer Model 410, Corning, Halstead, Essex, U.K.). The blood from the K 3 EDTA tubes was also analysed for haemoglobin (Hb) (cyanmethaemoglobin method, Sigma, Chemical Company Ltd, Dorset, UK) and packed cell volume (PCV) (conventional microhematocrit (Hct) method). All blood analyses were carried out in duplicate with the exception of PCV, which was carried out in triplicate. Plasma volume changes were calculated from changes in Hb and PCV relative to the sample collected at the 30 min time point in the supine phase (Dill and Costill 1974) .
Data analysis
Data were expressed as the mean § SD following a test for the normality of distribution. Statistical analysis was carried out using three factor mixed model ANOVA with repeated measures, followed by a simple main eVects analysis for two-way interactions. In addition, the magnitude of change ( ) between experimental trials was examined using a paired t-test when signiWcance was identiWed using the simple main eVects analysis. All statistical procedures were completed using SPSS for Windows version 8.0. Statistical signiWcance was declared at P < 0.05.
Results
Body mass and water compartments
The physical characteristics of the two groups were similar before supplementation (Table 1 ). In the Pl group there were no changes in body mass, TBW, ECW or ICW from pre-to post-supplementation. Body mass increased signiWcantly by 0.89 § 0.28 kg following Cr and Gly supplementation (P < 0.01) ( Fig. 1 ) with no change between familiarisation and pre-supplementation trials (P = 0.25). There were no changes in TBW (P = 0.80), ICW (P = 0.17) or ECW (P = 0.87) between familiarisation and pre-supplementation trials. However, following Cr/Gly supplementation there were signiWcant increases in TBW (0.73 § 0.24 l, P < 0.01), ICW (0.37 § 0.10 l, P < 0.01) and ECW (0.41 § 0.18 l, P < 0.01) compared to the pre-supplementation trial (Fig. 1) .
Systolic blood pressure (SBP)
In general, SBP remained stable during and between each tilt phase. In the Pl group there were no signiWcant diVerences in SBP between the familiarisation, pre-and post-supplementation trials (P = 0.32, Fig. 2 ). In the Cr/Gly group, there were no signiWcant diVerences in SBP between the familiarisation and pre-supplementation trials (P = 0.16, Fig. 2) . Following Cr/Gly supplementation SBP was signiWcantly higher throughout the 70° tilt phase (P = 0.02) compared with pre-supplementation values (Fig. 2) .
Diastolic blood pressure (DBP)
In general, DBP remained stable throughout the 0° phase followed by a small rise in the majority of subjects throughout the 70° tilt phase. In the Pl group there were no signiWcant diVerences in DBP between the familiarisation, pre-and post-supplementation trials (P = 0.45, Fig. 2 ). In the Cr/Gly group, DBP was not signiWcantly diVerent during the familiarisation and pre-supplementation trials (P = 0.63, Fig. 2) . Following Cr/Gly supplementation, DBP was signiWcantly higher (P = 0.04, Fig. 2 ) throughout the 70° phase than during the pre-supplementation trial.
Heart rate
In general heart rate remained stable at approximately 62 beats min ¡1 during the supine phase before increasing signiWcantly to 79 beats min ¡1 upon tilting to 70° (Fig. 3 ). There were no diVerences in heart rate between the familiarisation, pre-and post-supplementation trials in either the Pl group (P = 0.52) or the Cr/Gly group (P = 0.29).
Pre-syncope
In the Pl group 2 subjects became presyncopal during the head-up tilt phase of the familiarisation (subject 14: 16 min, subject 18: 19 min), pre-(subject 14: 11 min, subject 18: 23 min) and post-supplementation (subject 14: 19 min, subject 18: 21 min) trials. Presyncope in both subjects was preceded by a gradual decline in blood pressure with accompanying tachycardia. In the Cr/Gly group 3 subjects complained of feeling presyncopal during the head-up tilt phase of both the familiarisation and pre-supplementation trials. At the subject's request tilt tests were terminated on average at 17 min (subject 1: 25 min, subject 7: 16 min, subject 10: 10 min) in the familiarisation trial and at 16 min 
Creatine/Glycerol supplementation ∆ (subject 1: 28 min, subject 7: 11 min, subject 10: 10 min) in the pre-supplementation trial. Presyncope in 2 subjects (subjects 1 and 10) was preceded by a gradual decline in blood pressure with accompanying tachycardia and in 1 subject (subject 7) presyncope occurred following a rapid reduction in blood pressure with accompanying bradycardia. Following Cr/Gly supplementation, presyncope occurred in only 1 subject (subject 10) after 20 min of head-up tilt (compared to 10 min in both familiarisation and pre-supplementation trials) and was similarly preceded by a signiWcant reduction in blood pressure and accompanying tachycardia.
Plasma volume
In the Cr/Gly group the % change in plasma volume between trials was calculated using the respective [Hb] and Hct values at 30 min of the supine phase of the familiarisation trial as a baseline. These calculations assume no change in red cell mass during the 7-day supplementation regimen. Plasma volume was not signiWcantly altered between familiarisation and pre-supplementation trials (P = 0.20), however, Cr/Gly supplementation resulted in a signiWcant increase in plasma volume of 3.2 § 2.4% (P = 0.04). In the Cr/Gly group the % change in plasma volume throughout the course of the experimental trial was calculated using the respective [Hb] and Hct values at 30 min of the supine phase of that experimental trial as a baseline. Upon tilting to 70° plasma volume decreased by approximately 8% from the baseline value at 30 min supine (Fig. 4) . The % reduction in plasma volume was not diVerent between familiarisation and pre-supplementation trials (P = 0.21) or pre-and post-supplementation trials (P = 0.71, Fig. 4 ). Blood metabolite concentrations and osmolality
In the Cr/Gly group there was a small but non-signiWcant reduction in plasma [glucose] throughout the supine phase before a small but non-signiWcant rise throughout the 70°t ilt phase (Table 2) . Plasma [glucose] was not diVerent between familiarisation and pre-supplementation trials (P = 0.95) ( Table 2) . Following Cr/Gly supplementation, plasma [glucose] was signiWcantly lower throughout both tilt phases compared to the pre-supplementation trial (P = 0.02). Plasma [Gly] was signiWcantly higher throughout both tilt phases following Cr/Gly supplementation compared to the pre-supplementation trial (P < 0.01) ( Table 2) . There were no diVerences in plasma [Gly] between familiarisation and pre-supplementation trials in the Cr/Gly group (P = 0.35). Serum [Na] was not diVerent between familiarisation and pre-supplementation trials in the Cr/Gly group (P = 0.37). Following Cr/Gly supplementation, [Na] was signiWcantly lower during both tilt phases when compared to pre-supplementation (P = 0.02) ( Table 2) . Serum [K] was not diVerent between familiarisation and presupplementation trials in the Cr/Gly group (P = 0.09). Following Cr/Gly supplementation [K] was signiWcantly lower during both tilt phases when compared to presupplementation (P = 0.04) ( Table 2 ). Serum osmolality was signiWcantly higher throughout both tilt phases following Cr/Gly supplementation compared to the presupplementation trial (P < 0.01) ( Table 2 ). There were no diVerences in osmolality between familiarisation and pre-supplementation trials in the Cr/Gly group (P = 0.73).
Side eVects
In general subjects tolerated both supplementation regimens well, although there was one isolated report of minor gastrointestinal distress during the Cr/Gly supplementation. However, the symptoms were brief and the subject was able to maintain the desired supplementation regimen.
Discussion
This study has demonstrated that supplementation with a combination of Cr and Gly signiWcantly increased TBW by up to 1.2 l (Fig. 1 ) which resulted in a signiWcantly higher blood pressure during exposure to orthostatic stress and reduced incidences of orthostatic hypotension and presyncope. These results suggest that combined Cr/Gly supplementation may provide a simple yet eVective countermeasure for patients who suVer from regularly occurring syncopal episodes. Upon initiation of an upright posture, gravity pools approximately 300-800 ml of blood to the lower extremities, with a resultant reduction in blood pressure and venous return (Kosinski et al. 1995) . Indeed, subjects in the present study experienced a reduction in plasma volume of approximately 8% (Fig. 4) . The normal compensatory response to this physiological stressor is reXex sympathetic stimulation caused by a decreased stretch on mechanoreceptors (Lurie and Benditt 1996) . Thus, the typical cardiovascular responses are an elevated heart rate, a small reduction in SBP and a large increase in DBP. The signiWcant increase in heart rate in all experimental trials upon exposure to head-up tilt (»17 beats min ¡1 ) (Fig. 3 ) indicated subjects were posed a considerable orthostatic challenge. Any failure in this mechanism can disturb cerebral perfusion and lead to syncope (Kosinski et al. 1995) . In the present study 5 out of the 19 subjects became presyncopal during exposure to orthostatic stress. However, expansion of body water compartments through Cr/Gly supplementation resulted in a signiWcant increase in both SBP and DBP (Fig. 2) and reduced the incidence of presyncope. Although the mechanism underlying the Cr/Gly induced blood pressure increase and consequent reduction in the incidences of presyncope is unknown, it may be related to the cerebral blood Xow volume response to standing. Carter et al. (2006) have demonstrated that hypohydration results in a greater reduction in CBFV partly due to an alteration in cerebral vascular responses. Indeed, when hypohydrated cerebral vascular resistance increases signiWcantly compared to euhydration upon initiation of an upright posture (Carter et al. 2006) . Intuitively therefore, hyperhydration in the present study may have attenuated the rise in cerebral vascular resistance upon tilting to 70 o maintaining cerebral blood Xow and preventing syncope. Whether the diVerence in the cerebral vascular response is mediated by alterations in autonomic neural control of the cerebral circulation (Zhang et al. 2002) and/or a change in central blood volume independent of cerebral autoregulation (Ogoh et al. 2005 ) is currently unclear.
Despite the expected increases in blood pressure following Cr/Gly supplementation in the present study, it was initially hypothesised that the elevation in heart rate upon exposure to orthostatic stress would be attenuated. Although heart rate was lower in the post-supplementation trial, the diVerences were small (»5 beats min ¡1 ) and did not reach signiWcance. However, this may be partly due to the inclusion of one subject in the Cr/Gly group who experienced neurocardiogenic syncope and associated bradycardia. In this individual, heart rate was elevated considerably (»30 beats min ¡1 ) following Cr/Gly supplementation masking the mean attenuation in heart rate that occurred in the majority of subjects. Nevertheless, these results suggest that combined Cr/Gly may be of clinical beneWt to patients who suVer repeated syncopal episodes. The other two presyncopal subjects in the Cr/Gly group displayed a dysautonomic response classiWed by tachycardia and gradual decrease in blood pressure to a hypotensive level. Indeed, two subjects (one each from the dysautonomic and classic neurocardiogenic groups) were able to complete the full 30 min in the upright posture following Cr/Gly supplementation.
Several previous studies have examined the eVect of hydration status on susceptibility to syncope in healthy volunteers (Lu et al. 2003; Schroeder et al. 2002) and patients with recurrent vasovagal syncope (Claydon et al. 2006) . The principal Wndings of these studies were that water ingestion prior to head-up tilt testing resulted in an increase in blood pressure and vascular resistance which was associated with an improved orthostatic tolerance. Therefore, the authors concluded that patients who experience frequent syncopal episodes should be encouraged to drink water prior on a regular basis. Despite this, the physiological mechanisms underlying the increased blood pressure and vascular resistance following water ingestion remains unclear. However, Claydon et al. (2006) suggest that these eVects may be mediated via an increased sympathetic activity stimulated by stomach distension. Following gastric emptying some other unknown factor must be responsible for the more prolonged eVects of water ingestion during orthostasis. Expansion of plasma volume in these previous studies is unlikely to be responsible for the increase in orthostatic tolerance as the excess water would simply be Wltered and excreted (Freund et al. 1995) . In the present study, subjects experienced, on average, a TBW increase of 730 § 240 ml (range 500-1,200 ml) (Fig. 1) following 7 days of Cr/Gly supplementation; an increase comparable with that reported in the only previous study to investigate combined Cr/Gly supplementation (870 § 210 ml) (Easton et al. 2007) . Combined Cr and Gly supplementation also resulted in a small but signiWcant increase in plasma volume of 3.2 § 2.4% with concomitant reductions in plasma [glucose] and serum [Na] and [K] (Table 2) . This is in contrast to the majority of previous studies that utilised Cr or Gly alone to hyperhydrate, which concluded that there were no changes in plasma volume compared to water or a Pl (e.g. 16; 22; 28). However, the fact that combined Cr and Gly can result in a signiWcantly greater retention of Xuid than Cr or Gly alone (Easton et al. 2007 ) and the unique way in which this novel hyperhydration strategy retains Xuid, may account for these notable diVerences.
Several potential pharmacological and non-pharmacological countermeasures for recurring syncope have been assessed with a deWnitively eVective intervention remaining elusive. For example, while some studies have shown that orthostatic intolerance can be successfully prevented using pharmacological agents such as Xudrocortisone, midodrine and beta blockers (Kaufmann et al. 2002; Mahanonda et al. 1995; Oribe et al. 1992 ) many others report the opposite, suggesting that long term supplementation with such agents may worsen symptoms or be damaging to the health of a patient (Alegria et al. 2003; Kaufmann and Freeman 2004; Rowe et al. 2001) . Several small clinical trials have investigated the eVects of plasma volume expansion through sodium and Xuid supplementation as a countermeasure for orthostatic intolerance (ElSayed and Hainsworth 1996) . These studies invariably showed that salt and Xuid ingestion resulted in an increase in plasma and blood volumes and increased orthostatic intolerance. However, these clinical trials were carried out for a maximum of 8 weeks (ElSayed and Hainsworth 1996) and there is an inherent danger of clinical hypertension associated with a prolonged high daily salt intake (Weinberger 2000) . Non-pharmacological interventions designed to increase blood pressure such as physical counter-manoeuvres can be successfully employed in daily life to increase orthostatic tolerance ). The beneWcial eVects of leg crossing, squatting and arm tensing for patients with recurring syncope have been well documented in recent years (Tenharkel et al. 1994) . However, physical counter-manoeuvres may be impractical for patients with motor disabilities or the elderly and may be impossible to perform if the syncopal attack occurs rapidly. Water ingestion has consistently shown to limit the occurrence of syncope (Claydon et al. 2006; Lu et al. 2003; Schroeder et al. 2002) and thus patients with recurring syncope should be encouraged to maintain a good hydration status. Furthermore, data from the present study indicates that hyperhydration through Cr and Gly supplementation may oVer patients additional protection from syncopal episodes.
The profound impact of Cr and Gly on orthostatic tolerance may have particular application in patients exposed to bed rest or astronauts returning from space Xight, who are particularly susceptible to syncope. During bed rest and exposure to microgravity postural load on the skeletal muscle is admonished causing a shift of Xuid from the ECW to the ICW compartments (Leach et al. 1996) . Indeed, plasma volume can be reduced by up to 17% following prolonged exposure to bed rest of space Xight (Leach et al. 1996; Zorbas et al. 2003) . The reduced central venous pressure resulting from hypovolemia combined with the reduced size and compliance of the skeletal muscles of the calf elicited by immobilisation ultimately causes blood to pool in the legs upon initiation of an upright posture (Buckey et al. 1996) . In situations where total peripheral resistance does not rise suYciently to act as a physiological countermeasure, orthostatic intolerance will result (Sulzman 1996; Zorbas et al. 2003) . However, further experimental evidence from bed rest studies is required before combined Cr/Gly supplementation can be recommended for use for patients and during prolonged space missions.
Conclusion
In the present study, supplementation with combined Cr and Gly for 7 days was eVective in increasing TBW, plasma volume, blood pressure and reducing incidences of orthostatic hypotension and syncope during exposure to orthostatic stress. These eVects may be mediated by an alteration in cerebral and cardiovascular hemodynamics, although the exact mechanism remains unknown. The physiological beneWts of the novel "water-loading" strategy reported in this study suggest that combined Cr and Gly may be an eVective therapeutic treatment with patients who experience recurring syncopal episodes. Cr/Gly hyperhydration may be particularly appropriate as a countermeasure for bed rest patients and astronauts who are particularly susceptible to orthostatic intolerance, but further research in these speciWc populations is required.
